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Our keynote talk today has several objectives: First, we want 
to call attention, as some of us have before, to the interdisciplin-
ary nature of NDE science and technology and some approaches for 
fostering R&D in such a situation. Next, we want to describe the 
objective of the DARPA, Air Force <and now Navy) core program for 
developing a science base for NDE and how it has evolved during the 
past two years. Some changes have indeed taken place; we feel that 
they were both necessary and evolutionary. Many of you are probably 
familiar with these changes by now but there may be some residual 
concerns or questions in your minds. Since I was the initiating 
influence behind most of them, it is appropriate for you to hear me 
say what they are and what they aren't, and to have an opportunity 
to question us. Finally and most importantly, we want to enlist 
your participation in the dIfficult task of identifying exploratory 
development programs--and we will try to define this term--which 
will benefit from the growing science base that all of us are help-
ing to develop. We hope to stimulate the interaction between people 
such as you and the consu~ers of the evolving NDE technology in 
order to identify reduction-to-practice possibilities that should 
be pursued. 
*Keynote speaker. 
2 H. M. BURTE ET AL. 
As an introduction, let us consider the reasons for our interest 
in NDE. The most obvious is the trend in our civilization towards 
large constructions which use materials and components closer and 
closer to their performance limits and where the consequences of 
failure can be catastrophic. Compare, for example, the damage tol-
erance of the B-17, shown in Fig. 1, returning from a raid over Italy 
during World War II with the effect of a one-inch flaw that caused 
the crash of a more modern F-lll, seen in Fig. 2. We see such exam-
ples again and again not only in aerospace, but in many other areas 
of modern technology. Figure 3 shows a typical stress-corrosion 
crack in steam generator tubing near the tube-sheet region of a 
nuclear power plant. The difficulty of easily finding or repairing 
flaws such as these contributes to public skepticism about the vi-
ability of an entire industry. Add to these concerns a greater pub-
lic sensitivity to consumer protection in everyday products, and we 
can appreciate one impetus of the growing interest in improved NDE 
capabilities. 
Let us now consider NDE from another direction. There is an 
increasing concern for conservation, either from the idealistic 
viewpoint of a finite "spaceship earth" or from a near term viewpoint 
of return-on-investment. Figure 4 shows a "graveyard" of engine 
disks, that have used up their predetermined design life. Perhaps 
some of them have useful life left, and if inspection could separate 
the good from the bad, there could be considerable savings . Another 
Fig . 1. A Flying Fortress which sustained heavy damage. 
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-111 FLAW 
Fig . 2 . Debris from the crash of an F-lll aircraft caused by the 
small flaw shown in the lower frame . 
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Fig. 3. Stress-corrosion crack in steam generator tubing used in 
nuclear power generation. 
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Fig. 4. Repository for engine disks which have exhausted their 
"safe life." 
popular concern in the media is for productivity to maintain our 
national position in a competitive world. Productivity, of course, 
is not quantity alone, but means quantity with quality. Here, our 
interest will be not only in end-item inspection, but also with in-
process inspection to reduce rework, repair and rejects. 
This discussion of needs is summarized in Fig. 5. The last 
item, minimization of life cycle costs, is a familiar one and in-
cludes elements of many of the others, but it deserves some special 
discussion. Life cycle costs can benefit not only from new designs, 
processes, and inspection methods, but also from the emergence of 
inexpensive computational capacity. One can combine computer-aided 
design with computer-aided manufacturing to search for an optimum 
between performance and manufacturing costs. Computer-aided process 
modeling combined with sensing, feedback and control systems will 
allow quality to be built into a product. Joining these elements 
with computer-aided control of overhead functions, such as inventory 
or scheduling, permits additional major cost savings. The promise 
of quantitative NDE also suggests that models of the inspection pro-
cess can eventually be used to enable optimization of inspectability 
with performance in initial design. To be able to model these func-
tions, to search for optimum conditions, and to use this capability 
to guide experimental verification provides the engineer with new 
paradigms. NDE science and the ability to model the inspection pro-
cess, which are growing out of much of the work you do, will be a 
significant factor in computer-aided engineering. 
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Fig. 6. The NDE research and development spectrum. 
Figure 6 represents what might be called the R&D spectrum. 
Every time we discuss this, we find that different people use dif-
ferent words to describe portions of this spectrum , leading to sem-
antic difficulties. We have used many words in an attempt to avoid 
this problem; you pick the ones with which you are comfortable. The 
important concept is that there are different parts of the spectrum 
which should be considered separately. At the far left is "truly 
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basic" research. This is knowledge-driven and perhaps shouldn't be 
on a chart of NDE R&D, since the moment we give it such a title it 
acquires an orientation based on need. However, we include it to 
indicate an end of the spectrum. We will not consider it further 
except to remind you that in no way do we imply that one should cur-
tail good, basic work to fund more applied work. There is a tendency 
in some quarters to advocate this position. We think it would be 
terribly penny wise and pound foolish. Basic science enriches us 
in both practical ways and cultural ways and deserves continued 
support. The United States has perhaps the strongest establishment 
in the world for basic science; it is an investment which has pro-
vided, and should continue to provide, a handsome payoff. 
At the other end of the spectrum, involving transition-to-use 
and engineering evaluation, we often find large, well funded activi-
ties driven by specific pressing problems. Certainly, there are 
difficulties in how to manage that end of the spectrum. Often, the 
preparatory work hasn't been done, and crash programs are undertaken 
with insufficient knowledge. However, the need tends to provide the 
resources to develop the approaches even if serious inefficiencies 
are incurred. 
It is the middle ground of the spectrum that we will be address-
ing today, and NDE, together with many areas of R&D in the country, 
tends to be deficient here. The Air Force/DARPA/Navy program has 
been concerned primarily with the more fundamental end of this mid-
dle ground, to provide a "need-oriented" science base for NDE. There 
are two major components to such a science base: the search for new 
interrogating methods, and improving understanding of the interaction 
between the interrogating field and the defect, anomaly, or struc-
tural feature of interest. Until about a decade ago, the search for 
novel probing phenomena constituted most of the activity in the sci-
ence base. The current program attempted to correct the balance by 
placing more emphasis on the latter objective of exploring the nature 
of the interaction of a given probing tool with the flaw. For ultra-
sonics NDE we asked, "What i9 the nature of the scattering of sound 
waves by different flaws?" Then, of course, given a scattered field, 
we attempted to solve the inverse problem--what caused the scattering? 
Questions such as these were the main driving force behind our 
efforts. Incidentally, the solutions for the scattering and the 
inverse problems tend not to be analytical and elegant. Usually, 
we need approximation methods. We seek adequately elegant solutions, 
and let's remember that. 
Let's think a minute further about NDE research and development, 
both the science base and the exploratory development portions of 
the middle ground. First, considering it in a horizontal sense it 
tends to be very multidisciplinary, or interdisciplinary, involving 
inputs from many classical disciplines such as metallurgy, mechanics, 
electrical engineering, etc. In a vertical sense, research in NDE 
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involves interdisciplinary technology transfer from the science base 
to exploratory development, to engineering and to use. However, 
since vertical interdisciplinary activity is needed in almost all 
applied areas, why select it for special attention in NDE? First, 
because NDE science and technology must be tailored to match the 
needs of the wide variety of engineering disciplines which will ~ 
it. Next, not only must it cope with this technological diversity, 
the NDE product must find its use in design, production and mainten-
ance. Let us assure you, these communities not only do different 
sorts of work, they have different cultures. Communication among 
them is not easy; try to talk to people in field inspection and 
manufacturing on the same day. If you haven't done it before, you 
may have quite an awakening. 
Let us further illustrate the multidisciplinary nature of the 
work. Consider the Born approximation, where the contributions of 
physicists, applied mathematicians, and engineers were essential in 
the pursuit of a defect reconstruction scheme. Researchers doing 
physics recognized the potential of this very useful approximation, 
the weak-scattering limit originally applied to scattering problems 
in quantum mechanics, for the elastic wave scattering problem faced 
by ultrasonics NDE. They showed in a preliminary way how to apply 
it, and then people skilled in applied mathematics assisted with 
questions of inversion, bandwidth requirements, and noise considera-
tions. Finally, important practical aspects of the technology, such 
as candidate defects or transducer selection, have been addressed 
by engineers. We're trying to make the point without stretching it 
too far that NDE is, in fact, an interdisciplinary area. We believe 
that an important tool for stimulating interdisciplinary activity, 
either vertical or horizontal, is the common goals which can promote 
communication or overcome "cultural" barriers. 
Now let us consider the core program. It started out in about 
1974, recognizing that we were primarily trying to bring together 
people from many disciplines to create an NDE science community. 
We undertook some work on new or novel probing phenomena and fur-
nished it with some general goals, such as, how do we inspect the 
strength of an adhesive bond? However, the major effort took as its 
goal the quantification of ultrasonic inspection. How can we say 
more about the flaw than that it produces a response above the noise 
level? We were attempting to develop the models of the field-flaw 
interaction I talked about earlier. The program started to bring 
in people from many different areas. This is illustrated in Fig. 7, 
which is a partial list of the academic departments and affiliations 
of people who have participated. As the program went along, we 
initiated activity on both novel techniques and modeling in electro-
magnetic methods, and we kept bringing in new people, sometimes re-
ducing funding for some of the "older" people as they developed their 
own separate sources of funding and thus expanding the community. 
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Fig. 7. Academic departments participating in core program. 
From the very beginning, there was a strategy that as the work 
evolved, and elements of it could be transitioned to more applied 
sources of funding, they would be "spun off" and the resources in 
the program would be reinvested in the science base. 
An example of this approach is the work on the YIG sphere. As 
you know, its small size, high frequency operation, and the possi-
bility of using the accuracy inherent in measuring resonant frequency 
shifts, indicated that it might be a useful tool for finding very 
small surface flaws, and so it appears to be. The YIG sphere is 
illustrated in Fig. 8 and some work on it has indeed "spun off" to 
separate sources of funding outside the core program to investigate 
further the potential for using this device under realistic condi-
tions and coping with problems like lift-off. While that is going 
on, the core program continues to study the science base. In 
Fig. 9, we review the science base for electromagnetic techniques 
in general, but included in here is the ability to model the YIG-
sphere process so one can avoid the problem of oversensitivty and 
detecting too much that you don't want to know about as well as 
what you do want to know about. 
As the program evolved, we began to feel the need to provide a 
clearer focus. Remember our comments about solutions to the scat-
tering and inverse problems in ultrasonics. They were approximations. 
Therefore, we were soon faced with a need to decide from the total 
universe of approximation possibilities, which ones should we attempt? 
Which ones should be evaluated to determine their accuracy? Now, 
unless we think we have an approach which is ubiquitous or almost 
universally applicable, we must select some applications (of broad 
or even generic interest) for the solutions to vector our work, or 
we could just flounder without direction. Fortunately, a few years 
ago, we were able to define some needed directions. 
Because of concern with the inspection of engine disks in all 
the services, a lot of attention had been given to identifying just 
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Fig. 8. YIG-sphere, ferromagnetic-resonance, eddy-current probe. 
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Fig. 9. Science base for electromagnetic techniques. 
what flaws were important, how big the important flaws were, and how 
well we had to find them. The importance of say, a 50 mil versus a 
500 mil flaw, the nature of such flaws and the geometries we had to 
find them in, became fairly well known. Therefore, it became possi-
ble to start setting up specific situations for which we wanted to 
try to find the most appropriate approximation approaches. One 
could look at the approaches that were ready, and could explore how 
to modify them or undertake to develop new approaches to take account 
of the particular generic features of those inspection situations. 
For example, again using the inverse Born approximation, what are 
the modifications to its methodology which are appropriate for coping 
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Fig. 10. Vectoring of elastic-wave scattering research. 
with irregular flaws or flaws near surfaces, and how well do they 
work, if they work at all? The long wavelength approximation has 
been used as a useful input to the Born inversion process. Since 
in disks we will often be concerned with flaws near surfaces, to 
what extent are this and other approximations we have used in the 
past still good? A general outline of how the elastic wave scatter-
ing research derives vectoring from this goal of inspecting engine 
components is given in Fig. 10. I will have more to say soon about 
POD or probability of detection. 
Let me summarize. The program goal was, when we started out, 
to develop a broader multidisciplinary community for research in 
both aspects that I talked about of the NDE science base, to estab-
lish a few critical mass activities which could provide a focal 
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point for NDE research and evolve toward centers of excellence, to 
foster NDE education at universities, and to pursue some specific 
aspects of NDE research. This research would be of a fundamental 
nature with particular early emphasis on stimulating the modeling 
of the probe-flaw interaction. THat's where we started when the 
program began back in the early 70's. Where is it now? We want to 
continue to do all of the above, and to place some increasing empha-
sis on using carefully chosen potential windows--and we'll explain 
what I mean by that later--to guide research which still remains 
fundamental and generic and to introduce on top of that a carefully 
metered amount of activity to explore the reduction-to-practice 
potential of certain areas of work which seem promising, prior to 
spinning them off into separate funding. In essence, the program 
has matured, not executed an about-face. It is still a science-base 
program spinning off possibilities, as it was designed to be in the 
beginning. 
Let us decouple from the DARPA/Air Force/Navy program now and 
talk more generally about the middle ground of the R&D spectrum that 
I mentioned. Many of you may have heard me, in other talks, use the 
term "window," or "potential window." What is a "window" in this 
context? We define it as the goal, perhaps the first goal, for the 
exploitation of research results as in Fig. 11. A window is spe-
cific, it is realistic, and the market analysis has been done. If 
the R&D is successful, somebody will care, somebody will use it; it 
won't turn out to be one of the white elephants that many of you in 
development work may have experienced so often. Definition of a 
valid window does the front-end work to insure that if a development 
is successful, and if a better competitor doesn't come along to 
satisfy the need--which often happens--it will be used. Now, what 
I have been talking about so far is appropriate to the exploratory 
development end of the middle ground. At the science-base end the 
situation is not that simple. After all, as the research proceeds, 
• SPECIFIC 
• REALISTIC 
• IF R&D IS SUCCESSFUL SOMEONE WILL ACTUALLY USE IT 
- INERTIA 
- COMPETITION 
- CONFIDENCE 
Fig. 11. Window: Often a first-generation goal. 
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the perception of what's possible will change, and the nature of the 
window may also change. It is, however, still appropriate to use 
some of the same rigor in thinking about goals to identify what we 
will call "potential windows," remembering that we can change these 
as the work progresses. It is also necessary to identify that small 
number of such potential windows that have generic implications and 
which can thus be used to vector a broad science base. Let me assure 
you, this is not easy. It's very difficult to identify and define 
such generically useful potential windows, but if you can accomplish 
that as we did for the disk inspection problem, you can provide the 
focus you need for multi and interdisciplinary cooperation and de-
rive the benefits outlined in Fig. 12.' Incidentally, I first used 
Fig. 12 while talking about a similar multidisciplinary area--
processing science. The concept of defining "windows" or "potential 
windows" applies to many, if not most, areas of the middle ground. 
I believe that a prime reason for development programs which do not 
result in actual uses is poor definition and analysis of windows and 
failure to consider the competition. 
Let me illustrate the danger with the example of engine disks. 
Figure 4 showed a graveyard of disks that seriously concerned our 
maintenance people. For years, they kept coming to us in the labora-
tories with requests. "Find those tiny flaws in there." "Do more 
research on finding small flaws." "Kryptonation, that is the thing 
you ought to try." But that was misleading. If we had pursued those 
lines, we would have been all wrong. The window was poorly defined. 
It wasn't necessary to find extremely small flaws at all to have 
impact on the problem, and it was only when some vertical interdis-
ciplinary people, such as I alluded to earlier, sat down with some 
of the people in my own laboratory who were involved with both NDE 
and structural mechanics and with maintenance engineers from in the 
field, that we could identify what the real problem was. A thousand 
disks are built and retired after a finite life, but of those thou-
sand, nine hundred ninety-nine might still have useful life left, 
because of the disk to disk variability in safe life. To insure 
safety, it is necessary to retire all at a lifetime when there's 
one chance in a thousand (or ten thousand in a.different situation) 
of having a failure. Thus, the real problem is how do we identify 
which disks are still good so we can put them back into service? 
That isn't necessarily a problem of small flaws. We might indeed 
want to find small flaws in specific cases, but the first problem 
is one of probability of detection. Do we have the sensitivity 
and discrimination to find a given size flaw that we know is criti-
cal with enough assurance for safety's sake? And in doing that, 
are we also going to reject too many disks that are still serviceable? 
Because if that happens, we lose the economic advantages. Soon, 
the cost of inspection is more than the cost of the few disks we 
were able to put back in service. The problem is to go from a 
probability-of-detection curve like the one in Fig. 13 to one which 
approximates a step function, and only then to start driving towards 
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Fig. 12. Some benefits of goals expressed as potential or current 
"windows." 
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smaller sizes and/or complicated shapes. This is the essence of the 
valid window. If this key issue hadn't been resolved--and it wasn't 
easy to do it--the R&D which followed probably wouldn't have had 
nearly as much impact on the field as it is now having. 
The problem of inspection reliability is a real one. It is 
perhaps the single most important challenge facing us. Let me give 
some examples of how the emerging science base for NDE can offer 
significant opportunities for progress. As we pointed out, there 
are two problems: the problem of false accepts, which is related 
to safety and the problem of false rejects, which is related to the 
economic benefits. The problem of false accepts is shown in Fig. 14. 
Modeling the inspection process--what we have called quantitative 
NDE--enables prediction of how different defects will scatter the 
probing field and permits comparing that prediction to the scatter-
ing from other sources. In addition, modeling enables approaching 
the problem of false rejects based on the ability to size the de-
fects as shown in Fig. 14. If this can be done accurately enough, 
one can identify those which are small enough to be acceptable, and 
thus prevent throwing out "good" parts. 
Perhaps a good way of putting all of this together is to con-
sider that central to much of NDE for the next decade or so, will 
be theories of flaw interaction with the various probes that are 
used as shown in Fig. 15. Models for flaw detection give assurances 
of not missing flaws that must be found. A descriptive and sizing 
capability from inversion theories then allows us to screen out false 
accepts. A detection modeling capability also permits comparing de-
tectability in components of different design, and thus, for example, 
finding an optimum between component inspectability and performance 
during initial design. 
Some of the additional possibilities Lhat we expect to be 
emerging from the NnE science base are listed in Fig. 16. This is 
not meant to be complete; it merely shows a few areas that excite 
us. One of our objectives, as I stated earlier, is to encourage the 
entire NDE community to become involved in the process of defining 
windows for the further development of such possibilities. I will 
discuss just one of them, characterization of flaws in ceramics. 
What should be pursued here in the middle ground? A generic way of 
looking at the situation, illustrated in Fig. 17, is to try to de-
fine the problems (windows or potential windows), to inventory the 
areas of knowledge that are emerging and to compare them to each 
other. Outputs from this process can be the need for better window 
definition (in our earlier example of disk inspection it led to the 
perception that the problem wasn't to find smaller flaws, it was to 
improve detection reliability) or the perception that additional 
research in the science base is needed (such as modeling scattering 
from a flaw in the presence of the curved surfaces, as in engine 
disks). If the science base seems adequate (note that we do not 
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NDE R&D spectrum. 
ask for it to be complete) and the need has been well defined 
(including considering the competition, e.g., materials other than 
ceramics in the present case) an exploratory development program 
can be initiated with some assurance that if the problem can be 
solved, the solution will be put to use. 
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In the case of ceramics, modeling with ultrasonics has been 
quite successful under the core program using a unified inversion 
algorithm to identify not only the probable size of the flaw, but 
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the probable composition of the flaw (if initial assumptions about 
the possible flaw chemistry can be made). Coupling this capability 
with the work at Stanford on surface cracks, provides a broad set 
of possibilities that might be developed for inspecting ceramics. 
Perhaps more difficult will be to define the credible application 
for advanced ceramics where new NDE capabilities can be used. For 
example, despite common wisdom about ceramics, the limiting charac-
teristic for many proposed uses is their low resistance to point con-
tact stresses, not the occurrence of small flaws. I encourage all 
of you who are involved with this topic to confer with the people 
who might want to use ceramics and enlist their help in defining 
the appropriate windows for emerging NDE technology. One interest-
ing example might be the use of ceramics for certain types of bear-
ings, perhaps for limited-life or other special service applications. 
How might an improved inspection capability be exploited here? What 
aspect of new inspection capabilities would really make an impact 
on this application? Answering these questions will indicate if 
more work in the science base is necessary or if a basis already 
exists to initiate meaningful exploratory development programs. 
Welding is another important area for which many possibilities 
are evolving not only in inspection but in the related technologies 
of stress analysis, fracture mechanics, and life prediction. Com-
bining these technologies can provide rational approaches to design 
and maintenance, but information of this nature is just beginning 
to be channeled into welding codes. There is still a long way to 
go to make an impact on the large community of welding engineers 
who don't really make extensive use of such approaches. We suggest 
that the pacing factor will be defining high pay-off windows. Cer-
tainly, there are a lot of cases where things can be done better, 
where they can be done more rationally, but a common stumbling block 
is: what is it going to do for me that I cannot now do? The need 
is to identify those areas for application of welding where the use 
of the new technology will really make a difference. 
Again, our point is that the whole area of defining goals is 
not an easy one. One can't assume that the people with the problems 
really understand their true needs very well or how they impact the 
solutions which might be developed for them. Identifying suitable 
outlets or goals for NDE technology, both to better vector the sci-
ence base and to identify areas for exploratory development will 
require a substantial increase in goal definition activity, not only 
for government-funded work, but in general. The NDE community must 
work with the end users of their techniques to identify the clear 
needs--the windows--for actual application. We encourage all of you 
to participate with us in performing this important task. Thank you. 
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DISCUSSION 
J. Cook (Hughes Aircraft Company): This is more a comment than a 
question. Relating economics of need to the science, to get 
to the need, I don't think that can be emphasized enough. All 
too often, I feel we get involved with the technology, with the 
science, with the niceties of our research and development, 
and we think about technology for technology's sake. That's 
fine, but for application, you have got to take technology for 
economics sake. If it can't pay for itself, no one is ever 
going to use it. 
